We derive an improved Poisson distribution with mean λ to approximate the negative binomial distribution with parameters n and p, where λ = 
Introduction
Let X be the negative binomial random variable with parameters n > 0 and p ∈ (0, 1), then the probability function is of the form nb n,p (x) = Γ(n + x) Γ(n)x! q x p n , x = 0, 1, ..., (1.1) and the mean and variance of X are E(X) = for every x ∈ N ∪ {0}. Therefore, the Poisson distribution with mean λ = nq can be used as an estimate of the negative binomial distribution when n is large and q is small. In this case, Teerapabolarn [8] gave an improved Poisson distribution to approximate the negative binomial distribution. His result gives a good approximation when n is large. Under parametrization, λ = nq p and p = n n+λ , (1.1) becomes
It is observed that if n → ∞ and q → 0 while λ = nq p remains fixed, then
for every x ∈ N ∪ {0}. Therefore, the negative binomial distribution with parameters n and p can be approximated by a Poisson distribution with mean λ = nq p . With the case, there has been much methodological research related to the Poisson approximation to the negative binomial distribution, which can be found in [2] , [3] , [4] , [5] , [6] , [7] and [9] . However, there has no research related to improved Poisson approximation to the negative binomial distribution with mean λ = nq p
. In this paper, we are interested to derive an improved Poisson probability function, p λ (x), for approximating the negative binomial probability function. The accuracy of the approximation is measured in the form of |nb n,p (x) − p λ (x)| for x ∈ {0, 1, ..., n}. The result of this study is in Section 2. In Section 3, some numerical examples are given to illustrate the improved approximation and the conclusion of this study is presented in the last section.
Result
The following lemma is obtained from [1] , which helps to prove the result. Lemma 2.1. For x ∈ N and n > 0, then 
and for large n,
3)
When n is large, thus
Numerical examples
The following examples are given to illustrate how well the improved Poisson distribution with mean λ = nq p approximates the negative binomial distribution with parameters n and p.
3.1.
Let n = 150 and p = 0.99, then λ = 1.5 0.99 and the numerical results are as follows: 
3.2.
Let n = 400 and p = 0.99, then λ = 4 0.99 and the numerical results are as follows: The improved approximation is better than the Poisson approximation.
Conclusion
The result of this study is an improved Poisson distribution with mean λ = np p . It can be used as a good approximation of the negative binomial distribution with parameters n and p when n is large. Additionally, the improved Poisson approximation is better than the Poisson approximation.
